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DESCRIPTION 
PWM CYCLOCONVERTER 

TECHNICAL FIELD 
[0001] 

The invention relates to a PWM cycloconverter in which 
using a PWM converter connected to an input unit of the PWM 
cycloconverter allows an arbitrary electric current waveform 
to be achieved so that input current distortion can be kept down. 

BACKGROUND ART 
[0002] 

Fig. 6 shows a system of a conventional PWM cycloconverter. 
In Fig. 6, 1 denotes a three-phase AC power source, 2 denotes 
a three-phase AC reactor, 3 denotes a three-phase AC capacitor, 
4 denotes a bi-directional switch group, 5 denotes a motor 
functioning as a load, 6 denotes a three-phase AC reactor, 7 
denotes a PWM converter for converting AC into DC, 14 denotes 
a smoothing capacitor, which is a DC voltage means, 9 denotes 
a detection current signal of the three-phase AC power source, 
10 denotes a CT for detecting electric current, which is a 
current detection means for detecting electric current of the 
three-phase AC power source, 11 is a CT for detecting electric 
current, which is a current detection means, 12 is a detection 
current signal of the CT for detecting electric current and 15 
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denotes snubber circuits provided on respective bi-directional 
switches of the bi-directional switch group 4. 

In Fig. 6 showing a conventional embodiment, a 
small-sized PWM converter is used for keep down resonance 
5 voltage of an input filter, similarly to the invention. In Fig. 
6, however, an output of the PWM converter is connected after 
(on a secondary side of) the filter for the purpose of keeping 
down voltage. Accordingly, applying electric current more 
than the quantity equal to correction of a resonance component 

10 adversely causes large variation in condenser voltage, and 
therefore, quantity of correction is limited. The 
conventional PWM converter has such a demerit. Therefore, an 
effect is limited especially in a system where energy of a 
snubber is regenerated as shown in Fig. 3. A PWM cycloconverter 

15 is an AC-AC directly power-converting apparatus for directly 
converting a three-phase AC power source voltage into a variable 
voltage having variable frequency (arbitrary voltage and 
frequency) . On the basis of the principle of the PWM 
cycloconverter, pulse current flows in an input unit of the 

2 0 semiconductor device for electric power. In order to prevent 
the pulse current from returning to a power source system, an 
AC reactor and an AC capacitor are generally used to provide 
a low-pass filter. When electric current flows in the filter, 
however, a resonance phenomenon occurs between the reactor and 

25 the capacitor, so that resonance current flows into the input 
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unit. The resonance current deteriorates a rate of distortion 
of the input current. Further, the electric current flows in 
the condenser even in the case that the PWM cycloconverter does 
not operate, so that the resonance current is also generated. 
5 As a conventional method of keeping down the resonance 

current, proposed is a method of using a small-sized PWM 
cycloconverter connected to a DC voltage source of a snubber 
part to perform input current correction. 
Patent Reference 1: JP-A-2003-244960 
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DISCLOSURE OF THE INVENTION 

Problems that the Invention is to Solve 

[0003] 

In the above-mentioned method, however, a PWM converter 
15 is provided after a filter (close to a switching element) for 
the purpose of controlling the resonance voltage of an input 
filter. In this case, the snubber energy becomes large, and 
thereby, variation in voltage of the filter condenser adversely 
becomes large when large electric power should be regenerated. 
20 This is likely to cause bad influence on the output voltage. 

In view of such a problem, an object of the invention is 
to provide a PWM cycloconverter easily capable of improving an 
input current waveform and regenerating energy of a snubber into 
a power source. 
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Means for Solving the Problems 
[0004] 

The invention is to regenerate snubber energy and to 
improve an input current by means of converter current in a PWM 
5 cycloconverter including a PWM converter connected to a DC 
voltage system, the output unit of which is connected to a place 
before (on the primary side of) an input filter of the PWM 
cycloconverter . 

In order to solve the above problem, in a PWM 

10 cycloconverter including an AC power source in which phases are 
connected directly to phases of the output side thereof by means 
of a bi-directional switch having self-arc-extinguishing 
capability, wherein an AC power source voltage is 
PWM-controlled in response to an output voltage command to 

15 output variable voltage having variable frequency, the PWM 
cycloconverter includes: an input current detecting means for 
detecting one or more input current of the PWM cycloconverter; 
and a PWM converter connected to a DC voltage means, wherein 
an output unit of the PWM converter is connected to a place before 

2 0 an input filter of the PWM cycloconverter to keep down resonance 
of the input filter on the basis of an input current signal 
detected by means of the input current detecting means. 

Further, the PWM cycloconverter further includes: one or 
more voltage clamping device provided with a diode rectifier 

25 connected to an input terminal of a semiconductor device for 



electric power of the PWM cycloconverter and with a smoothing 
capacitor; and a voltage detecting device for detecting voltage 
at the both ends of the smoothing capacitor, wherein the 
capacitor for clamping voltage is used for the DC voltage means . 
5 Moreover, the PWM cycloconverter further includes: a 

snubber formed from a diode connected to an input terminal of 
a semiconductor device for electric power of the PWM 
cycloconverter and from a capacitor; and a snubber voltage 
detecting device for detecting voltage at the both ends of the 
10 smoothing capacitor connected to the snubber, wherein the 
capacitor for the snubber is used for the DC voltage means. 

Effect of the Invention 
[0005] 

15 Applying the invention allows improvement of an input 

current waveform and regeneration of energy of a snubber into 
a power source in a PWM cycloconverter to be easily performed. 

On the basis of the principle of a PWM cycloconverter, 
an input current waveform can be originally controlled. An 

20 input unit, however, is directly connected to an output unit 
by means of a bi-directional semiconductor switch, so that 
output current should be simultaneously controlled. This 
causes a limitation in input current controlling performance. 
The invention relates to an assistant device for improving the 

25 controlling performance of a PWM cycloconverter. In 



accordance with the invention, a typical and small-sized PWM 
converter is applied for the purpose of easily achieving input 
current control. 

5 Brief Description of the Drawings 
[0006] 

Fig. 1 shows a PWM cycloconverter and a system structure 
including a PWM converter using a DC voltage source in a mode 
for carrying out the invention. 
10 Fig. 2 shows a PWM cycloconverter and a system structure 

including a PWM converter using a diode rectifying circuit in 
a mode for carrying out the invention. 

Fig. 3 shows a PWM cycloconverter and a system structure 
including a PWM converter using a DC voltage source formed from 
15 a snubber circuit in a mode for carrying out the invention. 

Fig. 4 shows an example of a structure of a snubber circuit 
in a mode for carrying out the invention. 

Fig. 5 shows an example of a structure of a snubber circuit 
in a mode for carrying out the invention. 
20 Fig. 6 shows an example of a conventional system structure 

of a PWM cycloconverter and a conventional method of keeping 
down filter resonance. 

Description of the Reference Numerals and Signs 
25 [0007] 



1: THREE-PHASE AC POWER SOURCE 
2: THREE-PHASE AC REACTOR 
3: THREE-PHASE AC CAPACITOR 
4: BI-DIRECTIONAL SWITCH GROUP 
5: MOTOR 

6: THREE-PHASE AC REACTOR 

7 : PWM CONVERTER 

8: DC VOLTAGE SOURCE 

9i_ 3 : INPUT CURRENT SIGNAL 

10: CT FOR DETECTING ELECTRIC CURRENT 

11: CT FOR DETECTING ELECTRIC CURRENT 

12i- 3 : CORRECTION CURRENT SIGNAL 

13: DIODE RECTIFIER 

14: SMOOTHING CAPACITOR 

15i- 9 : SNUBBER CIRCUIT 

16: DIODE GROUP FOR SNUBBER 

17: DIODE GROUP FOR SNUBBER 

Best Mode for Carrying Out the Invention 
[0008] 

The invention will be described hereinafter on the basis 
of concrete embodiments* 
Embodiments 
[0009] 

Fig. 1 shows a PWM cycloconverter and a system structure 
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including a PWM converter using a DC voltage source in a mode 
for carrying out the invention. Fig. 2 shows a PWM 
cycloconverter and a system structure including a PWM converter 
using a diode rectifying circuit in a mode for carrying out the 
5 invention. Fig. 3 shows a PWM cycloconverter and a system 
structure including a PWM converter using a DC voltage source 
formed from a snubber circuit in a mode for carrying out the 
invention. Fig. 4 shows an example of a structure of a snubber 
circuit in a mode for carrying out the invention. Fig. 5 shows 

10 an example of a structure of a snubber circuit in a mode for 
carrying out the invention. Fig. 6 shows an example of a 
conventional system structure of a PWM cycloconverter and a 
conventional method of keeping down filter resonance. 

In a system structure using a PWM converter in Fig. 1, 

15 elements under the same names as those in Fig. 6 showing a 
conventional embodiment are marked with the same reference 
signs and numerals as much as possible to omit repeated 
description. 8 denotes a DC voltage source used as a DC voltage 
means. Fig. 1 is different from Fig. 6 showing the conventional 

20 embodiment in location where the current detection CT 11 is 
provided. That is to say, the current detection CT 11 is 
provided in a connection line for connecting a connection point 
of the three-phase AC reactor 2 and the three-phase AC capacitor 
3 with the PWM converter 7 in Fig. 6. On the other hand, the 

25 current detection CT 11 is provided in a connection line for 



connecting the three-phase AC power source 1 with the PWM 
converter 7 through no three-phase AC reactor 2 in Fig. 1 of 
the invention. 

Now, an operation of the invention will be described. 
First, in the PWM cycloconvereter in Fig. 1, the three-phase 
AC power source 1 is directly connected to a three-phase output, 
which is input current of the motor 5, by means of a group 4 
of totally nine bi-directional semiconductor switches provided 
between the three-phase AC power source 1 and the three-phase 
output and arbitrary frequency and voltage can be outputted 
without converting the AC power source voltage into DC. At the 
inputs of the bi-directional semiconductor switch group 4, 
however, pulse current flows. Accordingly, the three-phase AC 
reactor 2 and the three-phase AC capacitor 3 are used for forming 
an input filter. In accordance with the invention, providing 
the DC power source 8 other than the AC power source 1 and the 
small-sized PWM converter 7 in the DC power source 8 so as to 
supply a place before an input filter of the PWM cycloconverter 
with current allows the above-mentioned resonance current due 
to the input filter to be kept down. Inputting the input current 
signal 9 detected by means of the CT for detecting electric 
current 10 to a control part of the PWM converter 7 as a current 
control means, performing comparison with any desired current 
waveform of the PWM cycloconverter and supplying the current 
of quantity equal to correction allow an ideal input current 



waveform to be achieved. Further, detecting the correction 
current signal 12 allows control performance to be improved. 
As an example of a method of correction, in the case that 
resonance current is only a subject for control among high 
harmonic components of the input current, comparing the input 
current signal 9 with an ideal sine wave and letting correction 
current flow from the PWM converter 7 enable the resonance 
current to be kept down. In this case, the resonance current 
varies in accordance with design of the filter, but a current 
value thereof is sufficiently smaller than that of the whole 
input current. This means that the capacity of current of the 
PWM converter 7 can be also small, so that it costs little 
expense . 

Fig. 2 illustrates a case that a diode rectifier 13 is 
used for the DC power source 8 in Fig. 1 to rectify all of the 
three-phase waves and the DC power source smoothed by means of 
the smoothing capacitor 14 is used to drive the PWM converter 
7. Such a structure allows the DC power source 8 to be omitted, 
so that there is an advantage in cost. 

In Fig. 3, used is a DC clamping type snubber circuit 14 
for the DC power source 8 in Fig. 1 and the diode rectifier 13 
in Fig. 2. There is a case that the DC clamping type snubber 
circuit 14 is used as a protection device for a bi-directional 
semiconductor switch in the PWM cycloconverter . Figs. 4 and 
5 show circuitry of the snubber circuit 14 in Fig. 3. A 
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structure such as a diode group for a snubber 15 and a diode 
group for a snubber 16 can be considered for Figs. 4 and 5, 
respectively. Using such a snubber circuit 14 as the DC power 
source voltage of the PWM converter 7 in the invention allows 
5 surge energy generated in switching to be used as correction 
current without being wasted, so that further higher efficiency 
can be achieved in a whole system. 

INDUSTRIAL APPLICABILITY 
10 [0010] 

In accordance with the invention, improvement of an input 
current waveform and regeneration of energy of a snubber into 
a power source can be easily performed, so that energy-saving 
drive of a motor can be achieved. Accordingly, the invention 
15 is especially useful as a control device for a motor such as 
an electrically-powered car, an elevator, a crane and a winding 
machine, which is used for regenerating electric power into a 
power source without consuming the electric power as heat. 



